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(57) Abstract: Conventional LnCuOX films are manu- / 
factured by growing an amorphous film under adequate 
conditions by sputtering and annealing the film at hjgh 
temperatures. They are all poly crystalline and do not 
contribute to high emission efficiency and electron mo- 
bility when used as a material of a light-emitting device 
or an electronic device. A base thin film is grown on a 
monocrystalline substrate. An amorphous or polycrys- 
talline LnCuOX (where Ln is at least one element out of 
Lanthanide series and Y, and X is at least one element 
out of S, Se, and Te) thin film is deposited on the base 
thin film. The substrate is annealed at a high tempera- 
ture of 500^*0 or more. Thus, a thin film of good crys- 
tallinity suitable for a single crystal for a light-emitting 
diode device, a semiconductor laser device, a field-ef- 
fect transistor device, or a heterobipolar transistor de- 
vice. 
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m m m 

^ ^^mi-^. LnCuO(S,Se,Te) (fcfc:L> Lnfi, 7 ^iJ' / Ktc^XJ^YO p ^>/J> 

^ffi^ttTV^5^ifeT'fcSo ^mmt \.X(D:^y^y^ ]) l^-^fm^^ 1 8 5 2^tCW. 
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-fb^^lB^* (CVD. Chemical Vapor Deposition) ifeJi, ^t^b^^feSV^tiW^^ 
5>^li^t"^dE^V'-(MBE. Molecular Beam Epitaxy) ^fi, 19 6 S^^^^tJl 

^)<^Mtv. -r?5c*?*,5^^^j^(j!g^|^)ogS^Sr!KSJ:<a«mL. rtL^iltafJ:< 
2 0 y</i^:^V'—1f—M^iPLDs Pulsed Lasered Deposition) ffett, 1 9 6 0^(D/l^ 

}^—i^—if-(Dmmi^fD^hti:<m^mm^tLiiti^tz.^^x\ mm^ii 9 s 
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*fc. LnCuOX{il7-r K=¥ir s/^pM^^^jE-^^b^o -^mc^ ZnO. Sn02/^<!f?& 
Field Effect Transistor)mmi:M^l.tzm^(D^-' hmSEitlEtfj:^o 
i O m^^t^"^ 5 ^ i: t:: <t o T !7 >f K^ir 'T'CMOSIll!^ (Complimentary -MOS) . -f^i 

(LnCuOXt^M LT) 

i 5 1 9 8 Palazzi\ZX'oXm^mm7i^fo^j:^±^iyi^-/U':7T-( KLaCuOS(75 

#^£;d5?a4?)T#^^tLfc(M.Pala2zi, Acad. Sci. Paris C. R. 292, 789 (1981)) » LaCu 
OS(D^^mi-iJE:^^MX'h^s ^mmmo. 129. P4/nmmSr<b5o Z=2-t*fc?), 
*&^^^^(ia=3. 9 9 9A. 0=8, 5 3AT*fcSo (La202)2*^a i: (Cu2S2)2-^B;6S^Oc 

2 0 0 K.Ueda6>t::J;oT^ LaCuOSfi, K=¥-^ $/ :7'/^ 3 . 1 eVcDigWp 

t b-C#M"C*> ^:it Ti^Tjkf^ $ tty^c (K. Ueda, S. Inoue, S. Hirose, H. Kawazoe and 
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2 H. Hosono, Appl. Phys. Lett. , 77, 2701 (2000) ) „ 

2 0 0 1^, K.UedaP>(iJ;oT, LaCuOSfi, ^U\Z.i6\,^X h^'&fimiSL^^^ 

^Z.t t^^^ ^ tLfc (K. Ueda, S. Inoue, H. Hosono, N. Sarukura and M. Hirano, Appl 
5 . Phys. Lett. , 78, 2333 (2001) ) » 

:i(Z)LaCuOS(DLa1h-f h^^<D^<07 ^ ^ K5c^ <b gj^ Lfc^-g-, X^tS1^ 

^ ^ttT*5 "5 . mm(D^m\z. J; oT^fig}as pIt6T-fcS ;^ ^ ^tv-cv>S (d. o. 

Charkin, A. V. Akopyan and V. A. Dolgikh, Russian J. Inorg. Chem. , 44, 833 (1999) ) „ 

1 0 bfc^5oT. ^T<DLnCuOXtc:g|LT|^C^feT*^3^^^|^^Sd5T-#So 

(Laf--r vo:>w'm.mw-) 

LnD-^ h ^SrRrjCa(D2m(DT^U:iJ V ±^:^Jl-r ^r^-T'Bi^-r 5 r <t J;: J; o XL 
nCuOX(Dm%BmS[:dm 1 0 2S/cm*-CJ#;!J0i-S r i: ;5S^ P>tlTV^S (K. Ishikawa, 
S. Kinoshita, Y. Suzuki, S. Matsuura, T. Takanishi, M. Aizawa, and Y. Suzuki, J. Elec 
J 5 trochem. Soc. 138, 1166 (1991) ^ RXJ^ Y. Takano. K. Yahagi, and K. Sekizawa, Physic 
a A 206&207, 764 (1995) )„ *fc. ^^^^tMt^fcV^T t>Lai^>r h ^^Sr^gg^-r-S 
w J;oT6.4X10-5S/cra;6^e)20S/cm*T-^(Dmm^^^fiiiAnL. ;^:^C*t- 
/^ltJf«2.7X102Wtc:*T-Si-Sr i::dS#^^tLTVNS(#%:SCSIt : H.Hiramat 
su, M. Orita, M. Hirano, K. Ueda, and H. Hosono, J. Appl. Phys. 91, 9177 (2002) ) „ 

2 0 (LaCuOSi:LaCuOSe@?^(^ciCOV^T) 

LaCuOS<k-e<^S1^-r h SrSe-eBJ^LfcLaCuOSef±SV>f::^^@:^(Dg|'0^t::fcl9 ^ 
LaCuOSi-,Se,(0<x<l) i: V> 9 ^^(!^7b^W^-t ?> (K. Ueda and H. Hosono. Thin Solid 
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i Films. 411, 115(2002))o Mt§^Ax(DU^07!)^^l^^it^'^^::i tKX^X. ^<D 
TV>S (K.Ueda,H.Hosono, J. Appl.Phys.91.4768(2002))„ LfcidSoT, W^Mxt 

1 o '^<0'^mm.XT=--jV-r^ Xm^m^flX^^tz. (K. Ueda, S. Inoue, S. Hlro 

se, H. Kawazoe and H. Hosono, Appl. Phys. Lett. 77, 2701 (2000) )„ 

^^mx\±. :lo \^fzLf^m^m^'t^f^ib\z., *-r. munm^^m^nmm.^ 

vi^'^ y-( V7tmy.m(ooib<}^fi:<thimm. x«, s. se, y.me(Db 

CuOX^3$^jili^<^i^it;^^i-Cfe 5o 
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I fl^i: X^Xs Cu^ CU2S. CuSx Cu20^ CuO, CuCl^ CuCl2> XfiCuIl^^ffiV^ife^'^, 

W^mU^^;^(Doh(OCM. 0. Xf^iSfiLnCuOXtf^tC^AL. ^fc. CI. mm^-t^ti 
«ym^V. mUWm^^M^'^fzYSZ^ Y2O3. STO, AI2O3, Mg0V^"r^^/5>O^^^ 

5 SM^HIi: LT> Cu, Cu2S. CuS, Cu20, CuO. CuCl, CuCb, XfiCulM^^c^ 

Ag. Ag2S. Ag20. Ago. AgCU Agl/^ ifi^JAg-fb-a-^. X«AuSr>^V^^^'^. ^LiXh 
(DWf^f^^T^i-tLnCxxOy. t^Rl^-(D t^i^YSZ, Y2O3. STO. AI2O3. MgO^^-r^^;^l^<7)^^ 

mimfis mMmiXm^\^itLnCx}OXmf^^mmm(Df^^i^^Out-of-plane XRD 

20 y<^->'X7f:-t^9yxi>?>o m2mn. mmmixmmi^tcLncuoxm^^^smfi^ 

1 •C*®l5tLAcLnCuOX^ji§^^l^<^>10Kj5^^300K{c:^3tt5|g3t;^'<i5' h/l^^Tjk-^^y 



1 0 
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1^4 ll](i£M2-Ci!ijgL^cLnCuOX^ig^?ij^(D3i^^|4^0ut-of-p 
lane XRDx'^iJ'-^'T'^i-i/^ 7T'fcS„ mSElJi. ^ife^?"!! 3 -Ci^it LfcLaCuOSi-x 
Se,(x=0, 0.25,0.4,0. 7, 1. O)(^0ut-of-plane XRD^^'^ — Z/TfeSo M6|gfi, H 
iS«?iJ 3 T-^jg LfcLaCuOSi-,Se,(x=0, 0. 25, 0. 4, 1. Ql) (DlQY.'r^(D^^:P^^^ h/l^-Cfe 

of-plane mi^'^^-l^X-m'T^^yX-^^, USEIfi. itlfti^^Jl-CMitbfcLnCu 
OX^(^^$^+@$:Out-of-plane XRD^N'iJ' — iXT'^-T^J^^ ^T^fc-So ^9|gfi, J4:tfe 
M 2 T'^it L.;/tLnCuOX|^i:CuS«•^J!g^ffiV^fc«'a^(^LnCuOX^^/K<^>^^^4<l:Out- 
of-plane XRD^N'iJ'-^-T-ltiS! Lfcjji&m^lr^-ri/^ :7T-S55o 



<!: UTfi. Ysz, Y2O3. STo. AI2O3. 3?:iiMgo/iif^^Mt?# 5;65. mz, YSZdO 

_^ 5 0). ¥203(100), X»±MgO(100)^3$^fi, 1200t:£J^T<^^^^@.^C3oV^Tt)LnCuOXYI^ 

«*5$f^tV\ ^»l;tti> LaCuOS-Cfis AM=2.82. LaCuOSe-e«. Aj|i=2.88T? 
2 0 MgO(100)T-«. A£^ = 2.96, YSZ(IOO) -Cfl, AS4g = 2. 58, YaOsdOO) 

X*f*, A^^=2.92T'*)5o bfc;dSoT, LaCuOS • Se^|g^^^^ig;5:J^^ LTfi, 
*&^^gg||fli-a'<DM^;d^b, Y2O3, MgO, YSZ<^Ii|gT% ^S^S^fei: UT J: «9 ^if * b 
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J " » 

^mT.m.tl.xn. ^-r. ysz. Y2O3. Mgoti:t*<Dmf^^&U±i::. Cu. Cu2S. c 

uS, CU2O, CuO, CuCl, CuClz^ Cul^ Ag, AgaS, AgzO, AgO, AgCl, Agl^ Au<Z)V>-f 

mn.TX\ LnCuOSe^t>*LnCuOTe(^^-^}::(l, r/l^=f :/3^fi. *^#fflMTT-LnCu 
LnCuOXi-,X',(Xi:X' S, Se, XJiTe<^) 5 *>^i>^^ < 1 1> 1 S^SrS* X^ 

xmsr^tPi^-^/ix ^%ffiv^, m^j:^m^^^-t^m^^micmmLxhJ:\^\ 
^(Dm^i^h. mmma-i. •t-<x(D!mm^^mmxm^Hi-fLtiw-mtm^^ 
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10 l'nci:'(^^^^lf'fil3:*fAbXb^ 5 t <tv\ 

SX. ;6>o:0n^#ffi^TXCu, Xfife^<7)^^/E^^i«-t-Sf^*J^. ^W^^^fftc 
^^l$^^jil<b |^<b^^<DLnCuOX^^^^;£$-^, LnCuOX^^^-^tf#IS^XT 

i 5 lox*>6o 

fc/cL> ^(^LnCuOXi|5^*^ffiV^6:^-a'. ;l)Pl^4'{-|g^ti-'5LnCuOX^^;dS@fb b 
. ^mii$^jtl^^®t^t8!(3|a^;65tfftjabxmixSr .!:}65fo;5o ^tb^gJ&Clcfi, YS 
J: 5 ^j;LnCu0Xj^i:S/J?14(^?'^V>S^XLnCu0X|i^O^ffi^i^oX3&^b^^*tA 
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^^^^(Dm'B■tmm^^. Lni^-r 2m(D^m^ ^^Ulim-X, Mg,Ca.Sr.Ba.Zn 
^<Dm.WkML^^ ^ h n — /U-f 5 :z.b\Z. J; oTLm-yMyCuOX (ife^f 0<y<l) 

i 5 OX' SrSffitefc ^ -ttS r ^ t;: J: t) s iSS^S« i: <^*&^^S-a'<^:*c# ;^CLnCuOXi-xX* , 
:l 0 LXnf3tltLLnCuO\^^^^mf^:^^•^Lnl-MyCuOXm^^Mmn. ZnO. ZnS. 
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5 LT#e>tLyS:LnCuOX^ii$^^li^3?:{lLni-,MyCuOX^^s£^?ii^Ji. ZnO. ZnS. 
In203. Sn02(Z?V^-r^x;5iOnM¥#^i:^7"nfl|it$:?^fifeb. #^cSt^:;^- 5 5/ ^ 

mmm 1 ) 

YSZ(100)m^^StK(10imn5p;^X0.5nira/?)jL{C, S;K?ai^200°C-CPLDi*tc: J: C 

raT'fcofCo J^SLfcCu^J!i<^|$^tt^HRXRD{Cj; i9|?tBLfc<L:r;5. YSZ(100)S 
^±l3:Cu«(lU)ifi|RjUT*3«!), ^(K>^)\^ h:ftfi0.01^T*fco^„ 
2. LaCuOS/Cu|iM^j^(Df^i!i 
YSZ(100)S^Jitrfife:gUfcCu^M^S#i: LT. SMia^^^Mi: LT. /-^Vu 
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3. \^cviOsm^^mm<D^m 

5 v^cu. S^!fe^<Da^<^«]^J-f aAcJ^). LaCuOSj^^ (spl^^^m Irani, j^o. lg),!: — 
f^M \^fz.L^cuos^^^^nm(o1^^mi^m^m^^mm1^^m^mi, RigakuisiATx 

20 -G. CuKai)^ffiV>Til^^o MimJ^x Out-of-plane XRD^^'^? — >^Sr;^-t-o LaC 
uOS(D(001)ffi<Z)^V^|HI^ff t'— i^jdSYSZdOO) i: t tstcMiO^tLfc, LaCuOS(0 

01);d5YSZ(100)Jhti5^ < laiRj bTV^S ^ i: ^^U. n 5/ dp:/^-;;??— e)LaC 
uos(ooi)®<^^7i^h:^{io. i^T'fco^o mUUmt \^X^^-^'^tz.Cun 

LaCuOS (001) X/YSZ (100) 
LaCuOS(llO)//YSZ(010) 
5 . LaCu0Sm^^l^O3fe®*R4#tt&t>*li^#<4 

2 0 X. ^P^^rK^^^Lfc^. m-S^10K^-C;«&*PL^c„ ^2^fr, 10K~300K*-e 
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^^^y'^<-( :^ (CCD) S:ffiV>T^W Llfeo Nd : YAG<D 4^St(igtft266nm)Sr^j^(j:fiS#t 

1. H2(h^.i^^nmwi(oYfm 

YSZ(100)^^£^(10mm5}Z:^X0.5mmi?)_b}C, S|EM^900'CT?PLDfeJ:: J; tJ Y2 

fco Y^^\^lt.'i2(hW^^Bnm<of^^^^m\m^x^nm\^fz.t:L^. ysz(ioo) 

S^±tCY203(±(lOO)iBlBjU-C*5!9. ^<^^/^ h:^{i0.5^-e$>ofc„ In-planeSlJ 
^t^^ Y^U U fc Y203^Mfi^ tf* ^ ^ >'^fiK:g: b T V ^ 6 r i: fl^ P> o o 

Y203(lOO)/'/YSZ(100) 
Y203(010)//YSZ(010) 

2. Cu/Y203/YSZa®?f)l^Of^ii 

^jiM 1 - 1 <i: mm<DY^mm^x.^ . Y203/Ysz^3$^Site±ic:cu«f i^?^^:^ 

$-&yh„ ^:^LfcCu?tl^(7)^^t4SrHRXRD{z:J; «9f?#iLfc<b r 5x Y203(100)/'YS 
Z(lOO)S^±l::Cufi(iii)iBf^[j LT*5 19 . ^(O'f'jx^ Vnm. Oim-Qth^tLo 

3. LaCuOS/Cu/Y2033»^?fM<Df^^ 

i: LT. /Vu;^ i — ^-mmm (PLDjfe) tz: J; 19 mmm 1-2 tm D^ft^r-LaCuOSSr 
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mmm 1-3 1 mmi^mf^^Lacuosnmt:i^m vtzo 
iiFm\^ti^f^mmm(D^^\kii±M^mmxmmtfTmxm), RigakuisiATx-c, cu 

Kai) ^ffiV^Tp-<fCo B4ia(-> Out-of-plane XRDy<^ — :^^7jkir„ y203i:CuX 

tCo LaCu0S<D(00l)®(;?5fi^^IH]^t°— iJ';dSY203(100)^t>*YSZ(100) t'— ^ i: i: t>{- 
_y ^ Wm^ntZo LaCuOS(OOl)*5Y203(100)±^;:3S<gfi^^UTV^Sr i:^^L. Hi/^^r 
^-^J^? — :/S!l^;i^bLaCuOS(00l)SD(^^/W h^«o. l^-e*?ofCc 

t&^^i8Eii^^-^o/jN ^ /j;s;te_t-^<^)^i$^Lacuosi-,sex (o<x<i) mmt^mm(D 
mmm i-it mm(oi^mm^ j; «9 . Mgo cioo) m^^^mm±i^cumm^^M ^ 

^tfto ^MVitCumm(0^^^t:YimRD\zX^Wmi'itt:z:S. MgO(ioo)S^S-t 

2. LaCuOS/Cu/MgO^®^l^<?5f^iS 
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J 3. LaCuOSe/LaCuOS/Cu/MgOm^^M^Df^Sli 

LaCuOS/Cu/MgOa®MSrSttt LT. S^^MS^^Mi: LT. LaCuOSe^^NVU 

lO-spa) X-mm l^fCo laCxsOS±izmm bfcLaCuOSe^li^fST*yU:7 r ^ T'ib o fco 
5 ±bS© 1 . 3 . <9 LaCuOSe/LaCuOS/'Cu/MgOiK®lI^(DLaCuOSemj? 

i:LaCuOSMl¥oa^^t>^;65^/^S3afg(Z>^lig;Srf^tlbfCo 1 <b 

l^^<^;^feT'LaCuOSe(7)J?^. LaCuOSc^;^^ t^J^j^^f^i^ LfCo ^tt-ett<Dj^l5{iTia 

(T^/U^T^^LaCuOSM/?) : r :=^LaCuOSe||I/i:) 

JO = (200 : 0) , (150 : 50) , (120 : 80) , (60 : 140) , (0 : 200) 

4 . LaCuOSi-xSe, (x=0, 0, 25, 0. 4, 0. 7, 1. O) ¥i^S^M<^f^iS{ 

f^MLfc 3SIS<^LaCu0Se/LaCu0S/Cu/Mg0^®fl^, LaCuOS/Cu/MgOi^, R 
V^laCuOSeXCuyMgOmtYSZ(lOO)mm^my) '^t>'^X. ^MflE(J5iiiV^Cu. S. Se 
^^(DM^^it^m-r^tz)^, LaCuOSfc J;tJ«LaCu0Sei|5&* ( 1 1 t^^pJ^J^^O. Imm, 

5 . LaCuOSi-,Sex (x=0. 0. 25, 0. 4, 0. 7, 1. 0) 
f^^Lfc^^$^^|^(^jjsS^tt(*ii5:$>j|?tEXjit(Hl$T(HRXRD, RigakuiiATX-G, CuK 

ai) SrfflV^TP-i/Co ^5131::, Out-of-plane XRD^-?^ — >-:|r;^-ro LaCuOSi-xS 
^ O ei(x=0,0. 25,0.4,0.7, 1. 0) (Z) (003) J;tJ«(004) ffi(D^V^IeI^ t°— ;65MgO(200) 
f-^ i: t> $ KfCo -r'<TOLaCuOSi-,Se, (x=0, 0. 25, 0. 4. 0. 7, 1. 0) }iSYSZ 

(ioo)±j::3fi<iaffiiurv>5r t^^L-cvNS, ^tis^^ hizsBiimm-r^i^m 




• 
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LfcLaCuOSi-xSex(x=0, 0. 25, 0. 4, 0. 7, 1. 0) j^Ej^filn-planeS!!^ 

LaCuOSi-,Se, (x=0, 0. 25, 0. 4, 0. 7. 1. 0) (001) /^/MgO (100) 
LaCuOSi-iSex (x=0, 0. 25. 0. 4, 0. 7, 1. 0) (110) //MgO (110) 
6 . LaCuOSi-,Se, (x=0, 0. 25, 0. 4, 1. 0) m^^^nm<D^^m'^ 

^%m'^^%W^\ 1-5^1^ C^&TW^illi bfco m 6 h 
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